The mixed-ligand complexes of molybdenum(VI) with dithiolphenols (DP) {2,6-dithiol-4-methylphenol (DTMP), 2,6-dithiol-4-ethylphenol (DTEP) and 2,6-dithiol-4-tert-butylphenol (DTBP)} in the presence of hydrophobic amines have been investigated by spectrophotometric method. The condition of complexing and extraction, physical-chemical and analytical characteristics of this complex have been found. As hydrophobic amine 2(N, N-dimethylaminomethyl)-4-methylrphenol (АP 1 ) and 2(N, N-dimethylaminomethyl)-4-xlor-phenol (AP 2 ), 2 (N, N-dimethylaminomethyl)-4-brom-phenol (AP 3 ) were used. It has been found that mixed-ligand complex was formed in weakly acidic medium (pH 4.1 -5.9). The maximum analytical signal when complexing Mo(V) is observed at 516 -534 nm. The calculated molar absorption (ε max ) belongs to the range (4.16 -5.35) × 10 4 . The Beer's law was applicable in the range of 0.3 -22 µg/ml. The extraction photometric methods of the molybdenum determination were processed. The influence of diverse ions on determination of molybdenum has been studied. The proposed method was applied successfully to determine amount of molybdenum in steel and in soil.
Introduction
Molybdenum promotes (makes more efficient) the work of antioxidants, in-cluding vitamin C, an important component of the tissue respiration system, strengthens the synthesis of amino acids, and improves the accumulation of nitrogen. Molybdenum is a part of a number of enzymes (aldehyde oxidase, sulfite oxidase, xanthine oxidase, etc.) that perform important physiological functions, in particular, regulation of uric acid metabolism. Molybdenoenzymes catalyze the hydroxylation of various substrates. Aldehyde oxidase oxidizes and neutralizes various pyrimidines, purines, pteridins. Xanthine oxidase catalyses the conversion of hypoxanthins to xanthines, and xanthines to uric acid. The sulfite oxidase catalyses the conversion of sulfite to sulfate [1] .
The lack of molybdenum in the body is accompanied by a decrease in the content of xanthine oxidase in the tissues. With a lack of molybdenum, anabolic processes suffer, and the immune system is weakened. Ammonium thiomolybdate (soluble molybdenum salt), is a copper antagonist and disrupts its utilization in the body [2] .
Molybdenum is part of the active nitrogenase center, an enzyme for binding atmospheric nitrogen.
The increasing use of molybdenum in various fields of science and technology raises the problem of studying new complex compounds with organic reagents for the purpose of using them to determine small concentrations of molybdenum.
At present, the actual task is to develop and improve methods for determining low concentrations of molybdenum.
The most promising for determining the low concentration of molybdenum is the spectrophotometric method. Its spread was facilitated by the relative simplicity of the necessary equipment, especially for visual methods, high sensitivity and the ability to use almost all elements of the periodic system and a large number of organic substances. The discovery of ever newer reagents forming colored compounds with inorganic ions and organic substances makes the application of this method almost unlimited at present.
Many methods of photometric determination of molybdenum with use of the reagents belonging to various classes of organic compounds are offered. For highly sensitive methods for determination of molybdenum belong methods using dithiol, thioglycolic acid, 8-hydroxyquinoline, 8-mercaptoquinoline, fluorone, etc. [3] .
Reagents containing hydroxo and carboxyl groups in ortho-position, or two hydroxyl groups, interact with molybdenum mainly in weakly acidic and neutral media with the formation of colored complex compounds [4] [5] . The sulfur-containing organic substances having the following groups:
For spectrophotometric determination of molybdenum in different oxidation states suggested: 4-(2-pyridylazo)-resorcinol [6] , pyrogallol [7] , lignocaine [8] [15] , capheic acid [16] , N-benzoylphenyl-hydroxylamine [17] , pyrocatechine violet [18] . 3-hydroxy-2-(4-methoxyphenyl)-6-propionyl-4H-chromen-4-one [19] , N,N 1 -bis (2-hydroxy-5-bromobenzyl) 1,2-diaminopropane [20] , 5-bromosalicylaldehyde isonicotinoyl hydrazone [21] , 6-chloro-3-hydroxy-2-(3 1 -hydroxyphenyl)-4-oxo-4H-1-benzo-pyran [22] , 1-methyl-3-octadecylimidazolium bromide [23] , N / -(2-hydroxebenzyli-den)-3-(4-o-tolylpiperazin-1-il) [24] , salicylaldehyde acetoacetic acid hydrazone [25] .
However, most of these methods, suffer from a large number of interferences and low sensitivity due to which they are unsuitable for the routine determination of molybdenum in the samples with diverse matrices.
The sensitivities expressed as molar absorptivity, of the proposed method are compared in Table 1 with those of published spectrophotometric methods.
In the present paper, we report results from liquid-liquid extraction spectrophotometric experiments on 9 different systems, each of which containing Mo(VI), a dithiolphenol (DP) {2, 6-dithiol-4-methylphenol (DTMP), 2, 6-dithiol-4-ethylphenol (DTEP) and 2, 6-dithiol-4-tert-butyl-phenol (DTBP), and hydrophobic amines (Am). As hydrophobic amine 2(N, N-dimethylaminomethyl)-4-methylrphenol (АP 1 ) and 2(N, N-dimethylaminomethyl)-4-xlorphenol (AP 2 ), 2 (N, N-di-methylaminomethyl)-4-bromphenol (AP 3 ) were used. We propose new procedures for determining molybdenum in soils, water and plants. 
Instruments
The adsorbance of the extracts was measured using a Shimadzu UV1240 spectrophotometer and KFK-2 photocolorimeter (USSR). Glass cells with an optical path of 5 or 10 mm were used. The pH of the aqueous phase was measured using an l −120.2 potentiometer with a glass electrode. The ash furnace was used to dissolve the samples. The thermolysis process of the compounds was investigated using the compounds was investigated using the cyvatography system "Shimadzu TGA-50H". IR spectra were recorded on a spectrophotometer "Bruker" (Germany).
1 H-NMR spectra were recorded on "Bruker" Fourier Transform (300.18 MHz) in deuterated benzene (C 6 D 6 ). All specified devices passed state check. All measurements were carried out at 20˚C ± 1˚C.
General Procedure for the Determination of Molybdenum
To an aliquot containing 50 µg of molybdenum, add 1.8 ml 0.01 M DP, and a 1.3 ml 0.01 M AP were placed in to calibrated test tubes with ground-glass stoppers (the volume of the organic phase was 5 ml). The required value of pH was adjusted by adding 0.1 M HCl. The volume of the aqueous phase was increased to 20 ml using distilled water. After the complete separation of the phases, the organic phase was separated from the aqueous phase in 10 minutes and the absorbance of the extracts was measured on KFK-2 photocolorimeter using 540 nm (l = 0.5 cm) and at room temperature.
Determination of Molybdenum in Soils
A 0.5 -1.0 g weight was finely ground in an agate mortar and calcined in muffle furnace for 3 h. After cooling, the sample was treated and dissolved in a graphite cup in a mixture of 16 ml of HF (conc.), 5 ml of HNO 3 (conc.), and 15 ml of HCl (conc.) at 50˚C -60˚C to remove excess hydrogen fluoride. A further 8 ml portion of HNO 3 (conc.) was added triply to the solution that was each time evaporated to 5 -6 ml. After that, the solution was transferred into a 100 ml volumetric flask and its volume was brought to the mark with distilled water. Molybdenum was determined in aliquots of the solution using the procedure proposed by us.
Preparation of Environmental Water Samples
The water samples were filtered through Whatman No. 40 filter paper then 100 ml of each filtered water sample was accurately transferred into a 250 ml round bottom flask, and 10 ml of a mixture consisting of HNO 3 and H 2 O 2 (1:9, v/v) were added. These samples were digested by heating under reflux for 1.5 h. The cooled samples were transferred into 100 ml volumetric flask and made up to the mark. With deionized distilled water, mixed well, then subsequently analysed by the proposed spectrophotometric methods.
Preparation of Food Samples
A wet ash method was employed in the preparation of the sample solution. 0.5 g of the sample was dissolved in a 1:1 mixture of nitric acid and perchloric acid. The solution was evaporated to dryness, and the residue was ashed at 300˚C. The ash was dissolved in 2 ml of 1 M sulphuric acid and made up to the volume in a 25 ml standard flask with distilled water.
Results and Discussion
Mo(VI) reacts with DP gives a red colored complexes. These complexes are insoluble in non-polar solvents. When aminophenols (AP) were introduced into the system, the extraction of these compounds into the organic phase as a mixed-ligand complex (MLC) was observed. DP are weak tribasic acid (H 3 R) and depending on the pH of the medium may be in molecular and tree anionic forms.
DP were synthesized according to the procedure [37] . The reagent was characterized by taking the elemental analysis, NMR and IR spectra [38] [39] [40] .
The research results of IR and NMR spectroscopy presented in Table 2 . This fact was also confirmed by EPR spectrometry [41] . Molybdenum(VI)
Studies on the Oxidation State of Molybdenum
does not have unpaired electrons and is diamagnetic, while molybdenum(V) has one d electron and exhibits electron paramagnetic absorption. According to the value of the nuclear spin j = 7/2, the ESR spectra of molybdenum (VI) consisted of eight lines with the hyperfine structure associated with the interaction of the mag- 
Choice of Solvent
As DP is insoluble in water, an organic solvent was used for the system. Of the various solvent (chloroform, 1,2-dichloroethane, tetrachloromethane, dichloromethane, (Figure 2) . No absorbance was observed in the organic phase with the exception of 1-butanol. In a 50% ethanol medium however, the maximum absorbance was used in the determination procedure. After a single extraction with chloroform, 98.4% -98.7% of molybdenum was extracted as an ion associate (in a case the dichloroethane and carbonetrachloride was removed 96.5% -97.8% of molybdenum). Further researches were conducted with chloroform. The concentration of molybdenum in the organic phase was determined using 8-mercaptoquinoline [3] by photometric measurements after reextraction, and in the aqueous phase by difference.
Effect of pH
To study the effect of pH on maximum color development and also on quantita- 
Electronic Absorption Spectra
Under the experimental conditions, the absorption spectrum of the Mo(V)-DTMP-AP complex was recorded against the blank solution. The absorption maxima (λ max ) of the ternary Mo(V)-DP-AP complexes lie in the range of 516 -534 nm ( Figure 4 , Table 3 ). All colour reactions were very contrast since the in- . The color of both the mixed ligand complexes and the homogeneous ligand complex HLC is due to the same electronic transitions-the transfer of electrons from the dithiolphenolate ion to the metal ion, and these complexes are charge-transfer complexes.
The reagents have a minimum absorbance at the maximum absorbance of the complex, and hence do not interfere with the determination of molybdenum. All the spectral measurements of the complex were carried out at 540 nm.
Reagent Concentration and Incubation Time Influence
Studies of the effect of reagent concentration showed that an excess of reagent 2 
Composition of the Complex and Suggested Formula
The stoichiometric reaction coefficients of Mo(V) with DP and AP were determined by the equilibrium shift method and confirmed by straight-line method of Asmus and relative yield method [42] . Both methods showed that the ratio of the reacting components of Mo:DP:AP = 1:1:2 ( Figure 5 ).
Using the Nazarenko's method [43] , we found that the molybdenum complexation form is MoO(OH) 2+ [44] . Hence, the complexes can be regarded as ion Additional experiments by the Akhmedly's method [45] showed that the Given the molar ratio of components in the complexes, the complexing form of central ions, monomeric complexes in the organic phase, IR spectroscopic data, thermogravimetric studies and chemical analysis, it can be assumed that the Mo(V) with DTMP and AP forms mixed ligand complexes (Figure 7 ).
Effect of Foreign Ions
To assess the expediency of the proposed method, the effect of several diverse ions was examined under already established optimum conditions. The interference of various ions was determined by measuring the absorbance of solutions containing a constant amount of Mo(VI) and varying amounts of diverse ions.
The tolerance limit was considered to be the amount that caused a ±1% deviation in the absorbance value. The tolerance limits of various diverse ions are given in Table 4 . Ba(II), Mg(II), Ca(II), Sr(II), Cr(III), Zn(II), Cd(II), Hg(II), Al(III) and Bi(III) Figure 7 . Structure of complexes Mo-DTMP-AP 1 . 
Analytical Applications
The proposed method has been applied for the determination of molybdenum(V) in plants, water and soil samples. The data presented in the Tables 6-8 indicate the accuracy and precision of the proposed method. Table 7 . Correctness and reproducibility of determination of molybdenum levels in surface soil samples. n = 5, P = 0.95. 
Conclusions
The proposed method has been applied to determine molybdenum in natural 
